When a patient consults a GP, part of the management of the individual involves an assessment of the probability of serious illness including malignancy. One way of expressing this probability is in terms of the positive predictive value (PPV): the proportion of people with the symptom, sign, or test result who develop cancer. Research on medical decision models reveals that probabilities and the valuation of outcomes are distorted by individuals, 1 and thus theories of behaviour based on cognitive assessment of risk are not directly applicable to the consultation.
INTRODUCTION
is that much of the evidence that underpins these guidelines is not derived from those patients who consult a GP during a routine consultation. 5 This is important, because predictive values are dependent on the prevalence of the disease in the population from which they are derived and thus applied. The prevalence of cancers within populations and their associated PPVs of symptoms, signs, and nondiagnostic test results increase from community to primary care to hospital populations.
The level of the predictive value given in guidelines at which action is required to investigate or not for cancer will depend on the consequences of a delay in the diagnosis of the disease and the physical, psychological, and material cost of investigation. No guidelines for cancer have been published that state the level of risk that necessitates action. NICE guidelines for the primary prevention of cardiovascular disease recommend statin therapy for hyperlipidaemia when the 10-year cardiovascular risk is 20% or more. 6 This threshold for initiating statin therapy was based on a cost-effectiveness analysis and risk of adverse effects. Studies show a reduction in relative risk of 27% (95% confidence interval [CI] = 14 to 37%) from statin therapy in patients without cardiovascular disease. 7 This equates to an absolute risk reduction of approximately 5% or a number needed to treat with statins to prevent a cardiovascular event of 20. Statins are a safe group of drugs with a low risk of serious adverse effects at standard doses (less than 1 in 10 000 patient-years for myopathy).
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The consequences of delayed cancer diagnosis in terms of morbidity and mortality are comparable to those of cardiovascular disease, and generally the risks of cancer investigation are similar to the risk of statin therapy. For instance, the rate of perforation of the bowel for colonoscopy used in the investigation for colorectal cancer is 1:769 and procedure-related mortality 1:1537. 8 Fear of cancer may mean it is perceived by patients as a greater risk than cardiovascular disease, even though a greater number of people die of the latter. 1 Emotional reactions to risky situations often diverge from cognitive assessments of those risks. 2 While the level of risk an individual should take cannot be defined, comparison of risk of cancer to that of cardiovascular disease suggests that if a population consults with a symptom that could be cancer, then the maximum acceptable risk of not excluding cancer is 1 in 20, which equates to a PPV of 5%.
The objective of this systematic review was to identify the symptoms, signs, and non-diagnostic test results in people routinely consulting a GP that have a PPV of 5% or more for cancer and hence mandate action by a GP except in individual patient-centred circumstances.
Systematic Review

e367
METHOD
Search strategy
Fourteen electronic databases were searched from their commencement to October 2009 (Box 1), using terms for primary care, cancer, and predictive values. Searches were limited to English language and human studies. The search strategy used in MEDLINE is shown in Box 2.
Reference lists of relevant studies were checked and citations were tracked using electronic databases. Experts in the field were emailed for further information. All the references were downloaded into reference management software, and the duplicates were removed.
Inclusion and exclusion criteria
Primary studies on unselected primary care populations (patients who consult a GP during a routine consultation) that examined symptoms, signs, or tests for a possible cancer were included in the review. The study had to report a PPV for the symptom, sign, or test, or contain the information necessary to calculate it. For final inclusion, the presented or
How this fits in
The positive predictive values of symptoms, signs, and non-diagnostic test results for cancer in primary care are generally low. The level of risk for cancer that a patient and doctor are willing to accept varies. Using systematic review, good evidence has been gathered for eight symptoms, signs, and nondiagnostics test results as being highly predictive of cancer in primary care. Recommendations for clinical practice, audit, education, and research are made.
• 
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British Journal of General Practice, September 2010 e368 studies identified in the screening of titles and abstracts that met the eligibility criteria, or for which it was not possible to tell, were retrieved in full. Two authors independently carried out an unblinded assessment of the risk of bias in each eligible study, using the Newcastle-Ottawa Quality Assessment Scales (NOQAS), 9 for cohort and case-control studies. Studies are rated from 1 to 9 stars in the NOQAS, with 9 stars indicating a high-quality study. Any discrepancies or disagreements were discussed, and if consensus could not be achieved this was resolved by a third reviewer.
Data extraction and analysis
Once the final selection of articles for inclusion had been agreed, two researchers independently extracted data using a standardised data-extraction form. This included the type of study, characteristics of the study participants, the duration of follow-up, and the reported or calculated PPV.
Any subgroups (age and/or sex) reported in the studies that contained fewer than 15 people, or where authors stated that numbers were too low to reasonably calculate a CI and could not be combined with other data, were excluded from the review.
In studies that did not report the PPV, it was calculated as the proportion of those with that symptom, sign, or test who developed cancer. Where 95% CIs for the PPV were not stated in the paper, these were estimated, where possible, using the data presented. Where this was not possible, an attempt was made to contact the authors.
A meta-analysis was performed to obtain a pooled PPV for symptoms reported in four or more studies. The I 2 statistic was first calculated to assess the heterogeneity of the studies examining a symptom. The I 2 statistic can be interpreted as the proportion of total variation in study estimates that is due to heterogeneity between studies. 10 For risk factors where studies could be considered homogenous, a metaanalysis using a fixed-effects (no significant interstudy variation) approach was used. Otherwise, a randomeffects approach (significant interstudy variation) based on the inverse variance method was used. 10 The analysis was performed using Stata (version 10) and confidence interval analysis software.
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RESULTS
The search resulted in 17 889 unique references. Of these, 25 papers were found to meet all the eligibility criteria ( Figure 1) .
Sixteen of the included studies were conducted in the UK, two in each of the Netherlands, Belgium, and US, and one in each of Australia, Denmark, and Germany.
Recruitment into the studies was by one of three calculated PPV had to be:
• 5% or more either for the whole study population or for an age/sex stratum; or • less than 5% but for the same symptom, sign, or test another eligible study gave a point estimate for the PPV of 5% or more.
The latter criterion was necessary in order to calculate a pooled PPV using all the evidence for a symptom, sign, or test and to compare studies with conflicting results. Exclusion criteria for the review were:
• screening studies, as these involve asymptomatic individuals; • tests in which a histological diagnosis could be made, as clinical judgement on the need for further investigation or referral would be removed (for example, endoscopy with biopsy, skin biopsy); • metastatic, recurrent, or cancer-therapy studies as these are not early disease; • studies with 15 cases or fewer, as these are unlikely to produce reliable conclusions; • studies written in non-English language due to lack of resources for translating papers; and • studies in healthcare systems that are not comparable to the UK.
Study selection and assessment of methodological quality
One reviewer screened titles and abstracts and retrieved papers for inclusion. A second reviewer checked 150 (7%) of the abstracts and 25% of the full papers to ensure they met the eligibility criteria. All processes: retrospective analysis of clinical records, recruitment of patients with symptoms by GPs either as part of routinely collected data or specifically for the study, and postal survey with prospective identification of cancer from GP records. Studies varied in the method of extraction of medical record data. The source of medical record data was either routinely coded data only, all routinely recorded data including free text, or GP registered onto specific doctor-completed forms. The duration of follow-up when it was reported ranged from no follow-up to 11 years. Five studies reported that cancer was excluded prior to the first consultation.
Nineteen of the studies had a score of ≥6 on the NOQAS, indicating good quality. Common flaws were: the cohort was unrepresentative of unselected primary care populations; differences in criteria determining the presence of cancer; incomplete or inadequate blinding of assessment; lack of demonstration that the individual had not had the relevant cancer diagnosed
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previously; short duration of follow-up; and loss to follow-up.
Cancer site
Gastrointestinal. For colorectal cancer, 12 studies were identified giving a predictive value of 5% or more, and three further studies were identified giving a value of less than 5% for one of the symptoms or combinations of symptoms. In 11 of the studies, rectal bleeding (definitions varied) had a predictive value of 5% or more in at least one of the age-sex stratifications (Table  1) . [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Eight of these had quality scores of ≥6. In seven of the 11 studies there was, however, potential selection bias as GPs recruited participants into the study. In three it was stated that participants may not have been representative of all those consulting with the symptom, 18, 20, 21 and in two studies it was demonstrated that the effect of this potential bias was not significant. 16, 17 In three additional studies, rectal bleeding had a PPV of less than 5% in all the subgroups presented (Table 2) . [23] [24] [25] One study 19 provided separate results for new and old symptoms with the former having a PPV of greater than 5% and the latter less than 5%. A meta-analysis of studies concerning rectal bleeding is shown in Figures 2 and 3 . One study was excluded as the original data were unavailable, 14 and one due to ambiguous data. 25 Heterogeneity measured by the I 2 statistic was high (I 2 = 93% for studies of older adults), and more recent studies (which were of higher quality) appear to give lower PPVs. The pooled PPV for older adults for rectal bleeding was 4.57% (95% CI = 3.68 to 5.46), and exceeded 5% in those patients aged ≥70 years (5.54% 95% CI = 3.91 to 7.17), although the CI crosses 5% indicating some uncertainty ( Figure 3 ).
There were two studies (both high quality) that
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M Shapley, G Mansell, JL Jordan, KP Jordan e370 identified patients from large electronic databases with a computer code of change in bowel habit in the medical record and used no free text. In a retrospective cohort study, Lawrenson et al reported a PPV of more than 5% in men aged ≥60 years for colorectal cancer, 14 while Hamilton and co-workers, in a case-control study, reported PPVs of less than 5% for all age groups (Table 3) . 24 In two prospective cohort studies, 18, 21 and a randomised controlled trial, 26 the symptom of rectal bleeding was combined with other symptoms or test results to give PPVs of 5% or more (Table 4) . However, the numbers of symptomatic patients were generally low and CIs wide. Any conclusions drawn from these findings are weak. An additional case-control study gave some combinations of symptoms and signs a Table 1 . Studies giving a PPV of ≥ ≥5% in one or more strata of rectal bleeding for colorectal cancer.
PPV above 5%, but the authors did not calculate CIs for PPVs due to small sample sizes. 23 One study was identified evaluating iron deficiency anaemia as a predictor for upper and lower gastrointestinal cancer, 27 one for cancer, 28 and one for colorectal cancer only (Table 5) . 29 The study by Yates et al identified 71 patients with cancer from a cohort of 431 people with iron deficiency anaemia. 28 Of these, 35 had lower gastrointestinal cancer, 23 non-gastrointestinal cancer, and 13 other gastrointestinal cancer. The PPV for colorectal cancer was above 5% in men aged >20 years with a haemoglobin of ≤12 g/dl, and the PPV was less than 5% in women aged >50 years with a haemoglobin of ≤11 g/dl. Hamilton et al used a casecontrol methodology but felt unable to calculate a PPV for colorectal cancer in men aged 30 to 59 years, as sample sizes were small. 29 Only in cohorts aged ≥60 years did the PPV become greater than 5%, although in some strata the PPV was less than 5%. Stellon and Kenwright studied all patients aged >50 years, where they found the PPV of iron deficiency anaemia for colorectal cancer to be greater than 5%. 27 Urological. Three high-quality studies examined symptoms of urological cancer (Table 6) . One of these studies excluded prostate cancer, 12 one concerned undefined urological cancer, 30 and the third only prostate cancer. 31 Jones et al found PPVs in men aged ≥55 years and women aged ≥65 years to be greater than 5% for haematuria. 12 Bruyninckx et al found macroscopic haematuria to have a PPV of over 5% in men aged ≥60 years and women aged ≥40 years. 30 The study by Hamilton et al of prostate cancer only was a case-control design. 31 They found a 'malignant rectal M Shapley, G Mansell, JL Jordan, KP Jordan e372 quality) were identified for oesophageal cancer (Table  8) . 12, 33 No studies were identified that gave a PPV of less than 5% for the symptom of dysphagia.
Breast. Two studies (one high quality) identified a breast lump symptom, 34, 35 and one high-quality study a clinician-palpable breast lump, 36 as having a PPV of 5% or more for breast cancer (Table 9) . No studies were identified that gave a PPV of less than 5% for this symptom or sign. Two of the studies included all women, 34, 36 even though breast cancer in those aged <20 years is exceptionally rare. 37 Gynaecological. One high-quality retrospective study, using routinely recorded computer codes in the medical records, 13 identified the first ever consultation for postmenopausal bleeding in women aged 75 to 84 years as having a PPV for relevant cancer of 5.4% examination' to have a PPV of greater than 5% for prostate cancer. Some combinations of symptoms had a PPV above 5% for prostate cancer, but the authors did not calculate CIs for PPVs, because of small sample sizes.
Lung. One study identified haemoptysis as having a PPV of 5% or more for lung cancer, 12 and another study resulted in a PPV for this symptom of less than 5% (Table 7) . 32 In the latter study, haemoptysis in combination with other symptoms, or recurrent haemoptysis, had high predictive values. However, the authors did not calculate CIs due to small sample sizes. Jones et al used only computer codes to identify the symptom, 12 while Hamilton et al used codes and free text. 32 Both studies were high quality.
Oesophageal. Two studies (one high and one low 
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DISCUSSION
Summary of main findings
The study identified 21 papers that reported a PPV of 5% or more for a symptom, sign, or non-diagnostic test result alone or in combination in unselected primary care populations for cancer, and a further four studies reporting a PPV of less than 5% for the same symptom, sign, or non-diagnostic test result.
Strengths and limitations of the review
The definition of symptom differed between studies. In some, only the computer codes allocated to the consultation in the medical records were used, while others used the whole medical record including free text. The latter method will detect a greater number of patients with symptoms, as the computer code generally represents a summation of the consultation into a diagnosis or term representing patient management. This approach is encouraged in research practices (personal communication, Royal College of General Practitioners' [RCGP] Weekly Returns Service, 2010), with a stated preference for GPs to record diagnostic computer codes rather than symptom codes. It is unusual for a GP to record multiple history or symptom codes for a single problem. The studies that calculate PPVs for computer codes thus give values for patients in whom a GP is unable to make a more specific diagnosis. These studies do not give PPVs for symptoms presented to GPs, unlike studies in which free text is also analysed. Both types of study overestimate the PPV as a consequence of underrecording by GPs, especially when the clinician has a low level of suspicion for cancer. The size of this effect is not known. The PPVs will only remain valid if GP recording and patient consultation behaviour do not change with time.
A significant source of bias in studies using clinicians to specifically register a patient is selection of those with more severe symptoms and those in whom the clinician has a greater suspicion of malignancy. Such studies are considered to have a low weight in the present review of unselected primary care populations due to this selection bias, and are likely to overestimate the PPV. In the metaanalysis of rectal bleeding, there is a large degree of heterogeneity and a trend for the PPV to be lower in more recent studies. This partially reflects this source of bias and a change in recruitment methods over time from the use of specifically registered patients to routinely recorded data. In studies using computer codes, the actual codes used were not reported and may differ significantly between studies even when the symptom appears to be a single entity (personal communications, W Hamilton and R Jones, 2009). A recent systematic review and meta-analysis on studies that only involved the recruitment of cases of rectal bleeding by GPs commented on the difficulties of complete identification and follow-up of all incident cases of rectal bleeding in primary care and differences in age cut-off points between studies. 38 The authors gave an estimated PPV of over 5% in those aged ≥60 years with rectal bleeding.
Several other methodological problems can overestimate the PPV in studies, including the use of cancer registries resulting in the inclusion of cancers not diagnosed through primary care (for example, screen detected, referral within hospital, and admission via accident units), cancers diagnosed as an association and not the cause of symptoms, and recall bias in case-control studies.
Underestimation of the PPV may occur with inadequate follow-up, and the length of follow-up varied between studies from no follow-up to 11 years. The study by Jones et Other potential sources of bias in this review were that it only included English language papers, and that some papers in more specialist journals could not be located. This potential bias is unlikely to affect the results of the review, as, on closer examination of the abstracts, they are unlikely to have matched the study eligibility criteria.
The studies identified that calculated PPVs for combinations of symptoms, signs, or non-diagnostic test results and risk of cancer, involved populations that were too small and/or methods of recruitment that were subject to too high a risk of bias to draw firm conclusions. Three recent systematic reviews on the diagnostic utility of combinations of symptoms, signs, and test results for colorectal cancer showed that evidence in primary care is lacking, and when present only shows modest diagnostic value. [38] [39] [40] A potential criticism of this review is that it only included symptoms, signs, and tests with a point estimate PPV of 5% or more. It is likely that it excluded good-quality studies with a point estimate of less than 5%, but in which the 95% CIs included 5%. It is possible that future research may identify additional symptoms, signs, and tests with a point estimate of 5% or more.
The level of risk an individual is prepared to take is specific to that person at that moment, and is dependent on many factors. Twenty-six additional studies were identified with PPVs of other symptoms, signs, and non-diagnostic test results for cancer of less than 5%. A lower level of PPV than that used in this study will identify more symptoms, signs, and non-diagnostic test results for cancer, and additional age and sex groups in unselected primary care populations. Selecting a lower level of risk may diagnose cancer earlier in presenting populations but with the disadvantage that more individuals will undergo negative investigation with physical, psychological, and economic cost from the tests. A maximum level of risk for a population of 5% was chosen for this review, based on stated levels of risk in national guidelines concerning a comparable disease and treatment. The lower the level of risk, the greater the disagreement as to whether or not inaction can be justified.
When communicating with patients, it is preferable to use absolute measures of risk (number needed to investigate) rather than relative measures of risk. 41 In assessing a patient's level of risk using predictive values, it is important to individualise the risk, as the PPV of the population will be modified by the individual's risk factors for the illness. There has been no debate with the public regarding what level of risk is acceptable. 
Implications for future research and clinical practice
This study found evidence for only nine symptoms, signs, and non-diagnostic test results that have a high predictive value for cancer in patients presenting to GPs during routine consultations. A number of studies were subject to methodological and sample size difficulties, and for one symptom (change in bowel habit and colorectal cancer), high-quality studies using different methodology produced contradictory results. On the basis of good quality studies (with one or more studies on the quality-assessment tool at a level of 6 stars or more and no similar quality contradictory studies), broad consistency with published guidelines, 4 and the unlikelihood that further research will change the conclusion of studies performed on large databases, it can be concluded that robust evidence exists for a PPV of 5% or more in specific age/sex groups as detailed in Table 11 .
The low number of symptoms, signs, and nondiagnostic test results with a PPV of 5% or more was not unexpected, as the difficulties in diagnosing cancer in primary care have been commented on before. 5 While these symptoms, signs, and nondiagnostic test results occur in the minority of patients with cancer, when they do occur, exclusion of cancer is obligatory unless exceptional circumstances exist. There is some evidence that GPs do not always act upon them. 28, 42, 43 A previous effort to trigger GP action concerning one of the tests was unsuccessful, 44 but this may have been due to the form of trigger used. The identified symptoms, signs, and non-diagnostic test results are broadly consistent with NICE recommendations for referral for suspected cancer. However, NICE generally uses a lower threshold for referral for additional symptoms and tests, and in the case of haemoptysis, even when the computer code is associated with a PPV of 5% or more.
The authors recommend research and development of general practice computer systems to produce effective warning flags when the symptoms, signs, or test results with a PPV of 5% or more from unselected primary care populations are entered for patients within the specified sex and age groups. The management of these patients should be audited and appraised. There is a need to standardise terms and analyses, and for further research on combinations of symptoms, signs, and non-diagnostic test results. There should be more open debate on the level of PPV that triggers a recommendation for referral by a GP.
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